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GENERAL INTRODUCTION
The production of high-value processed feed, value-added industrial materials and
chemicals from com depends on a good quality com supply. Efficient preservation
techniques are required to assure such quality. Improved methods of grain evaluation are
being developed and used to provide opportunities for higher profits onwell preserved com.
The Center of Crop Utilization Research at Iowa State University estimates that improved
methods for evaluating grain can increase the value of a well preserved com by 12%
A/r^-
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(CCUR, 1994).
r^&^sently, propionic and acetic acids are ^e most widely used com preservatives
(Bern and Hurburg, 1993).
Th^re^nT study is part of a number of research projects at Iowa State and other
instimtions to evaluate the preservative effects of iprodione (marketed as Rovral® by the
Rhone-Poulenc Ag Company) on com. Results from previous works on iprodione can be
summarized as follow:
iprodione extends the storage life (time to 0.5% drymatter loss) of 22% moisture
sEeiled com by 23%, (Al-Yahya et al., 1991).
iJb • the preservative effect of iprodione on shelled com is enhanced by soybean oil
/(//\ and the non-ionic surfactant Activator 90® (Al-Yahya et al., 1993). /
iprodione-treated com will require 54% less fan energy for low temperature -
/
drying in Iowa, (Al-Yahya et al., 1992).
2• iprodione can extend the storage life of combine-harvested com (25%mechanical
damage) at 22.5% moisture by 20% and by 10% for hand-shelled com (3%
mechanical damage), (Aljinovic et a!.,1993, Wilcke et al., 1993).
• 20 ppm iprodione treatment of shelled com has no statistical superiority over
15 ppm , (Aljinovic el al., Wilcke et al., 1993).
It should be noted that all the above studies were done on com at about 22% moisture
content (wet basis). Steele et al. (1969) demonstrated the importance of moisture as a storage
factor in com preservation. They showed that storage life of com at 18% moisture is about
triple that at 22% moisture.
The current work involves designing a microprocessor-based humidity control system
and using it to evaluate the dependence of the preservative effects of iprodione on the
moisture content of com, the uniformity of the fungicide on the treated com kemels, and on
the concentration of the fungicide.
Thesis Format
This thesis consists of two papers and two appendices. The papers are written in the
format required for publication in the Transactions of the American Society of Agricultural
Engineers (ASAE). The papers are: "Preservative Effects of Iprodione on Shelled Com," and
"Microprocessor-based Humidity Control for the CO2 measurement system." Tables and
figures are placed at the end of each paper to meet the ASAE publication guidelines. These
papers will be presented at the 1994 international summer conference of ASAE.
3Appendix Alists the com sample parameters (Tables 1and 2) and appendix B(Tables
1 through 8) consists of the COj production raw data and analysis. A general introduction
precedes the papers, and a general conclusion with a list of references cited outside the
papers are given at the end of the thesis.
PAPER I
PRESERVATIVE EFFECTS OF IPRODIONE ON SHELLED CORN
PRESERVATIVE EFFECTS OF IPRODIONE ON SHELLED CORN
Prince N. Dugba, Carl J. Bern, Manjit K. Misra, and Theodore B. Bailey
6ABSTRACT
Laboratory tests were conducted to determine preservative effects of iprodione
(Rovrai®) fungicide on shelled com. One-kg com samples were held at 20° C, and 18.0 and
22.5% moisture while aerated at 0.45 mVmin.t (0.4 cfm/bu). Time to lose0.5% of original
dry matter was used as the criterion ofpreservative effectiveness. Times of 18.0% moismre
samples are about 330% those of22.5 %samples. Effectiveness of iprodione increases with
application rate up to 200 ppm, and then is about constant at higher rates. The fungicide is
less effective when com kernels are not treated uniformly. The 3.29 mL/kg (3 oz/bu)
fungicide solution rate ismore effective than the 5.48 mL/kg (5 oz/bu) rate.
7INTRODUCTION
Fungi are the major cause of rapid decay of stored com. Past studies have sought to
quantify the deterioration process of a com mass infested with storage fungi. These studies
show rates of fungi activities at different storage conditions such as moisture level,
temperature, mechanical damage, and fungicide treatment. Decay functions from such studies
provide valuable information thatcanbeused tooptimize preservation techniques likenatural
air drying. Deterioration of a grain mass infested with microorganisms is due to the
respiration of the grain and organisms. This process is modeled as the combustion of a
carbohydrate (Saul and Lind ,1958);
CfiH.A + 6O2 = = = > 6CO2 4- 6H2O + 2834kJ (1)
Equation (1) shows that 14.7g of CO2 is produced per kg original dry matter when 1.0% of
grain dry matter (carbohydrate) is consumed. The CO2 can be measured and used as an index
to quantify deterioration rate of stored com.
Al-Yahya et al (1991), Aljinovic et al (1993), and Wilcke et al (1993), used the CO2
measurement procedure to study storage life of com at 22% moisture treated with 20 ppm
iprodione (3-(3,5-dichlophynyl)-2-4-dioxo-l-imidazolidinecarboxamide) fungicide.
Al-Yahya et al found that iprodione was more effective on a com hybrid that is
susceptible to fungi attack, extending its storage life by about 23%, compared to 18% for
a resistant com hybrid. They also found that the effect of iprodione was enhanced by
soybean oil and the non-ionic surfactant activator 90.
8Both Aljinovic et al and Wilcke et al, in independent studies, found that iprodione
was more effective on com with high mechanicaldamage. Wilcke el al. measured about 20%
extension of com storage life at 25% mechanical damage (combine-harvested) compared to
10% at 3% mechanical damage (hand-shell). Aljinovic et al. recorded similar trend with
slightly higher percentages of extension lives. They also found that20 ppmof iprodione was
not statistically superior over 15 ppm.
The above preservative tests of iprodione were all done on com at about 22%
moisture content (wet basis). An earlier study by Steele et al (1969) demonstrated that the
storage life of com at 18% moisture is about triple that at 22%. Their work showed the
importance of moisture as a factor in com preservation. It is therefore necessary to
investigate the preservative action of iprodione on com at different moisture levels. The
current study involves evaluating the response of shelled com at 18.0% and 22.5% moisture
to various concentrations of iprodione solutions and application rates.
Iprodione is dissolved in water before com treatment. This is to ensure maxunum
com kemel contact with the fungicide. However, too much water will raise com moisture
causing more rapid deterioration. This study also compares the effect of iprodione at 20 ppm
of wet com applied in aqueous solution at the rates of 3.29 mL/(kg com) (3 oz/bu) and
5.48 niL/(kg com) (5 oz/bu).
Use of iprodione as a food grade preservative has been approved by the Food and
Drug Administration, and the chemical is being used widely on vegetables for human
consumptions (Rhone Poulenc Ag Company).
9LITERATURE REVIEW
Complete oxidation of carbohydrate yields water vapor and heat in addition to COj
(equation (1)). Aeration is necessary to dissipate the heat and moisture, and to supply O2
necessary for the respiration process.
Steele developed a system at Iowa State University in 1967, that simulates grain
aeration in a storage bin. He and other researchers used the system to demonstrate that, on
average, if storage com loses 0.5% of its original dry matter, its commercial grade drops
by one level. This is equivalent to a cumulative production of 7.45 (g C02)/(kg com) dry
matter through the respiratory process. They further showed that deterioration rates of
infested com depend on its moisture content, storage temperature, and mechanical damage.
Equation (2) was derived from their test results:
Y = - 1) + 0.015T (2)
where Y= grams of CO2 produced per kilogram of original com dry matter under
"standard" conditions of 15.5 C, 25% moismre, and 30% mechanical damage; T= time in
hours. For non-standard conditions, equation (3) is used:
T = Ts XMm XMt XMq (3)
where T = time in hours to produce a given amount of CO2; Ts= time to produce the same
amount of CO2 under standard conditions (230 h). M^, M-j- and are multipliers used to
account for different moisture contents, temperamres, and mechanical kernel damage levels,
respectively. Thompson (1972) used equations (2) and (3) in a computer simulation of low
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temperature com drying.
Fridayet al (1989) found thatstorage fungi activity varies from onehybrid to another
For the FR73 x Mol7 com hybrid, they observed a lower number of propagules and percent
mold damage, and shorter storage life compared to Pioneer 3377, and concluded that the
former is a resistant hybrid. Their study suggested a hybrid multiplier. Stroshine and Yang
(1990)modifiedequation(3) by incorporating a hybridmultiplier, Mh, derived from Friday's
data:
T = Ts XMm XMt XMd XMh (4)
Other smdies have reported the effects of chemical preservatives on com decay. Al-
Yahya et al (1991) developed decay equations for high-moismre shelled com treated with
iprodione. They derived a fungicide multiplier, Mp, for the chemical, and modified equation
(4) thus:
T = Ts XMm XMy XMp x Mh x Mp (5)
Al-Yahya et al (1993) used this model to simulate low temperature com drying in
Iowa, and concluded that com treated with iprodione requires 47% less fan energy compared
to an untreated com.
Preservative effects of iprodione at different concentrations and com moisture
contents were not found in the literamre.
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OBJECTIVES
The objectives of this study were to:
1. Compare the effects of iprodione on com at 18.0 and 22.5% moisture
contents (wet basis).
2. Define equations of COj production versus time for com at 18.0%, 22.5%,
and 23.5% moisture levels treated with various rates of iprodione.
3. Measure the effects of various concentrations, liquid application rates, and of
application uniformity of iprodione fungicide treatments on com storage life.
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EXPERIMENTAL APPARATUS AND PROCEDURES
Sample Preparation
The hybrid selection for this study was based on previous research works on
iprodione by Aljinovic et al (1993) and Wilcke et al (1993). Like them, the present tests
were conducted on Pioneer 3475 with a Chowdhury grain quality index of 37 to facilitate
comparisons to their results. The hybrid was combine harvested at about 24% moisture (wet
basis) at the Iowa State University Agronomy-Agricultural Engineering Research Center, 15
km west of Ames, Iowa, in October 1992. The com samples were held at 4 C for four days
and then stored at -10 C until the beginning of the experiment. This storage procedure was
recommended by Femandez et al (1985) after they demonstrated that response to tests by
com stored at those temperamres is similar to that of freshly harvested com.
Before treatment with iprodione, com samples were thawed in a cooler at 10 C for
12 h. They were then dried with ambient air at 22 C to test moisture levels using the grain
dryer shown in figure 1, and cleaned over a 4.76-mm (12/64-in) round-hole sieve.
Sample Treatment
Two experunents were conducted. Experiment I consisted of 10 treatments with two
levels ofmoisture — 18.0% and 22.5%, and five liquid application level — 0 ppm (wet com
basis) in 3.29 mL/(kg com), 0 ppm in 5.48 niL/(kg com), 20 ppm in 3.29 mL/(kg-com),
20 ppm in 5.48 mL/(kg com), and 20 ppm in 3.29 mL/(kg com) with 0.25% activator 90*.
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There were two replications for samples at 18.0% moisture and three replications for
samples at 22.5% moisture.
Experiment II consisted of six treatments — six concentrations of iprodione: 0 ppm,
20 ppm, 20 ppm with non-uniform treatment, 50 ppm, 100 ppm, and 200 ppm. Liquid
application rate was 5.48 mL/(kg com) for each of the six treatments.
Treatment solutions of distilled water and iprodione were applied with laboratory
pipettes using a Gustafson seed treater to mix each sample for 5 minutes. Each experimental
unit, consisting of about 1 kg com, was stored in a 5.08-cm x 91.4-cm (2-in x 36-in)
plexiglass tube in a room maintained at 20 C. New tubes were used for each sample because
preliminary tests showed that reusing non-sterilized tubes will introduce contamination error
into test results.
Deterioration Measurement
Deterioration rate was based on the rate of CO2 produced by each com sample. The
apparatus shown in Figure 2 was used to measure this rate. It incorporates: air
dehumidification and cleaning; humidity conditioning; sample storage and aeration;
dehumidification; and CO2 absorption.
The supply air, from a compressed air source, was first cleansed of dust and other
particles. The air stream was then dehumidified and its CO2 removed using a Balston air
purge-gas generator. The C02-free air was divided into flow lines and then conditioned to
relative humidities of 83%, 90%, and 94% which maintauied com moisture levels of 18.0%,
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22.5%, and 23.5% respectively. The 83% and 90% relative humidities were maintained by
bubbling the air stream through glycerin solutions whose concentrations were maintained
with the use of a microprocessor-based level control module (Paper U) shown in Figure 2.
The 94% relative humidity was maintained by bubbling the air stream through a saturated
aqueous solution of K2SO4. The conditioned air streams were then subdivided to aerate
individual com samples at the rate of about 0.45 m^/min-t (0.4 cfm/bu).
Exhaust air from the com samples flowed through a column of drierite (8-mesh
CaS04 mixed with 8-mesh CaS04 containing 3% C0CI2) and Mg(C104)2 ^0 remove moisture.
The respired CO2 in the dry air stream was then absorbed using a column of sulaimanite (Al-
Yahya, 1993). Increase in weight of the sulaimanite tube corresponds to the weight of CO2
produced by the com sample in the given time. The sulaimanite tubes were weighed once
every 24 hours and replaced before the entire column was depleted. Each com sample was
removed from storage when it lost 0.5% of its original dry matter, which corresponds to 7.4
(g CO2)/ (kg com). The cumulative time to this dry matter loss (DML) were recorded for
each sample. Moisture contents of each sample were determined before and after the aeration
storage. Samples were then air-dried to about 15% moisture content and taken to an
independent commercial grain grader in Des Moines, Iowa, to determine their mold damage
levels.
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STATISTICAL ANALYSIS
The SAS statistical analysis software (SAS Institute 1990) was used to analyze the
data. A GLM (general linear model) procedure was used to analyze data from experiment
I (effects of moisture and fungicide solution rates) because of the unbalanced experimental
design with two replications for the 18.0% moisture samples and three replications for the
22.5%moismre sample. The same procedure was usedfor experiment n (effects of fungicide
rates) to maintain consistency.
Orthogonal contrast comparisons of storage lives (times to 0.5% dry matter loss) and
mold damage at 0.5% dry matter loss using the ESTIMATE procedure was made among
samples with different treatments.
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RESULTS AND DISCUSSION
Experiment I: Effects of Moisture and Fungicide Solution rates
Figures 3 and4 showdeteriorationcurves for the 18.0% and 22.5% moisturesamples
respectively. The four degree polynomial for each curve is listed in Table 1. Storage life
(times to 0.5% DML) values for the five levels of iprodione treatments are given in Table
2 along with their respective multipliers. Table 3 shows the DKT percentages at the 0.5%
moisture level. Those values were determined by the Central Iowa Grain Evaluation Center
in Des Moines, Iowa, using about 0.7 kg samples. The DKT values listed are assumed to
be 100% mold damage since that was the only source of damage during deterioration
measurements.
The storage life of samples at 18.0% moisture content was about 4% higher than
those predicted by Steele et al (1969), and 15% higher for the 22.5% moisture samples. It
should be noted, however, that those researchers did not include the hybrid effect in their
prediction equations. Al-Yahya et al (1993) calculated the multiplier values in equation (4)
and adjusted Steele's results to include the hybrid effect, and recorded about 28% higher
storage life for a resistant com hybrid under Steele's experimental conditions.
Tables 4 and 5 summarize results of orthogonal contrast comparisons for the storage
lives and TDK percentages. Statistical significance for each comparison was determined at
the 5% level.
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Experiment II: Effects of Fungicide Rate
Figure 5 shows the deterioration curve for eachof the 0 ppm, 20 ppm, half 20 ppm,
50 ppm, 100 ppm, and the 200 ppm fungicide rate. Table 6 lists the polynomials of those
curves. Note from the storage life comparisons in Table 7 that a non-uniform treatment of
the fungicide will not maximize the effect of the chemical. The contrasts were designed to
compare the 20 ppm rate to each of the other rates, as shown Tables 7, 8, 9 and 10, since
20 ppm is the rate that previous researchers had investigated. Statistical significance are at
the 5% level. Table 10 show contrast comparisons for the DKT percentages. Figure shows
the dependence of storage life on the concentration of iprodione.
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CONCLUSIONS
The following conclusions can be drawn from the results of this study:
Iprodione significantly extended the storage life (time to 0.5% DML) of com. The
extension was about 21% for com at 18.0% moisture and 13% for com at 22.5%
moisture.
The storage life of corn at 18.0% moisture is about 330% (Steele et al., 1969, predicted
362%) that of com at 22.5% moismre.
The 20 ppm fungicide in 3.29 mL/(kg com) (3 oz/bu) was more effective than the 20
ppm in 5.48 mL/kg-corn (5 oz/bu).
The combined effect of iprodione and the activator 90® was not significantly better than
the ordinary fungicide for the 18% samples, but statistically significant for the 22.5%
samples.
100ppmand 200 ppmiprodione rates were significantly more effective than the20ppm.
50 ppm was statistically not better than the 20 ppm rate.
Non-uniform treatment with only 50% of the com kemels treatedwith iprodione reduced
the effect of the fungicide significantly.
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Table 1. Equations of CO^ production of com samples at 18.0% and 22.5% moisture
treated with various concentrations of iprodione solutions
polynomial form: g-C02 = b,t + b^t^ + bjt^ + b/ (where t = time in days)
treatment bi b2 b4
mc= 18.0%
0 ppm, 3.29mL/kg 0.052804761 0.001870385 -0.000045403 0.000000766
0 ppm, 5.48mL/kg 0.065174220 0.002073610 -0.000048083 0.000000723
20 ppm, 3.29mL/kg 0.030205270 0.003431028 -0.000057870 0.000000594
20 ppm, 5.48mL/kg 0.077964087 0.001205232 -0.000038407 0.000000512
20A ppm, 3.29mL/kg 0.057524876 0.002093650 -0.000054830 0.000000546
mc=22.5%
0 ppm, 3.29mL/kg 0.17439999 -0.017202871 0.003943632 -0.000114735
0 ppm, 5.48mL/kg 0.113153276 -0.001438784 0.002955861 -0.000089719
20 ppm, 3.29mL/kg 0.169675877 -0.017567213 0.002686858 -0.000056068
20 ppm, 5.48mL/kg 0.134350974 -0.003060724 0.001508465 -0.000026061
20A ppm, 3.29mL/kg 0.106895691 0.008005360 -0.000058261 -0.000021795
0.6% dry maltcr lots
0 ppm, 5.48mL/kg
Oppm, 3.29mL/kg
20 ppm. 6.48mL/kg
20A ppm, 3.29mLykg
20 ppm. 3.2^L/kg
24
time (days)
Figure 3. Deterioration curves of com samples: 18.0% moisture.
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Figure 4. Deterioration curves of com samples: 22.5% moisture
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Table 2. Storage life (times to 0.5% dry matter loss) for com samples at 18.0 and 22.5%
moisture treated with various rates of iprodione solutions
0 ppm
3.29mL/kg
0 ppm
5.48mL/kg
treatment
20 ppm
3.29ml/kg
-Life (days)-
20 ppm 20A ppm
5.48 mL/kg 3.29niL/kg
mc = 18.0%
52.30 49.49 64.47 59.47 63.89
54.25 51.96 66.29 60.67 65.79
average 53.28 50.88 65.38 60.07 64.84
multiplier 1.00 1.00 1.23 1.18 1.22
mc=22.50%
15.77 15.11 17.89 17.43 18.76
16.68 15.95 17.70 17.48 19.09
16.14 15.63 18.10 17.87 19.05
average 16.60 15.56 17.90 17.59 18.97
multiplier 1.00 1.00 1.10 1.13 1.17
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Table 3. Total damaged kernels (DKT) at 0.5% dry matter loss for com samples at 18.0
and 22.5% moismre treated with various rates of iprodione solutions
0 ppm
3.29mL/kg
0 ppm
5.48mL/kg
treatment
20 ppm
3.29mL/kg
-DKT (%)-
20 ppm 20A ppm
5.48mL/kg 3.29mL/kg
mc—18.0%
2.40 0.00 2.00 0.00 0.00
1.60 2.40 0.00 1.00 3.70
average 2.00 1.20 1.00 0.50 1.85
multiplier 1.00 1.00 0.50 0.42 0.93
mc=22.50%
13.00 11.10 14.70 8.10 10.20
14.40 10.80 12.00 11.30 7.60
10,40 12.40 11.00 12.20 14.40
average 12.60 11.43 12.57 10.53 10.73
multiplier 1.00 1.00 1.00 0.92 0.85
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Table 4. Contrast comparisons of storage life (times to 0.5% DML) means among com
samples stored at 18.0% and 22.5% moisture treated with various concentrations
of iprodione solutions
Contrast Result Estimate (Std. Dev.)
—day—
Cl: fung.-no fiing. significant^ 6.26(0.23)
C2: 18%mc-22.5%mc significant 40.64(0.25)
C3: 3mL/kg-5mLykg significant 2.16(0.23)
C4: act.-no act. not significant 0.26(0.34)
C5: Cl X C2 significant 4.40(0.23)
C6: Cl X C3 significant 0.64(0.23)
C7: Cl X C4 not significant 0.14(0.34)
C8: C2 X C3 significant 1.69(0.34)
t Statistical significance is at the 5% level.
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Table 5. Contrast comparisons of total damaged kernels (DKT) among com samples at
18.0 and 22.5% moisture treated with various concentrations of iprodione
solutions
Contrast Result Estimate (Std. Dev.)
Cl: fling.-no fung. not significant^ -0.66(1.05)
C2: 18%mc-22.5%mc significant -10.66(0.98)
C3: 3mL/kg-5mL/kg not significant 1.13(0.98)
C4: act.-no act. not significant -0.49(1.39)
C5: Cl xC2 not significant 0.19(0.98)
C6: Cl xC3 not significant -0.14(0.98)
C7: Cl xC4 not significant 0.80(0.98)
C8: C2xC3 not significant 0.48(0.98)
t Statistical significance is at the 5% level.
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Table 6. Equations of COj production of com samples 23.5% moisture treated with
iprodione at the rates of 0 ppm, 20 ppm, h20 ppm, 50 ppm, 100 ppm, and 200
ppm
polynomial form: g-COi = bjt + bjt^ + bst^ + b/ (where t = time in days)
treatment bi b4
mc=23.5%
0 ppm 0.068317898 0.077987662 -0.005582479 0.000381514
20 ppm 0.051824743 0.063825814 -0.003892240 0.0001888691
h20 ppm^ 0.907469150 0.056003331 -0.000964227 0.000017926
50 ppm 0.1110471423 0.043037701 -0.000659657 0.000018858
100 ppm 0.156898438 0.005661700 0.004094652 -0.00166460
200 ppm 0.073268968 0.089449997 -0.008153614 0.000308192
t only half of the com kernels were treated with 20 ppm of iprodione solution.
0.6% dry matter loss
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Figure 5. Deterioration curves of com samples at 23.5% moisture treated with iprodione
at the rates of 0 ppm, 20 ppm, half 20 ppm, 50 ppm, 100 ppm, and 200 ppm
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Table 7. Storage life (times to 0.5% dry matter loss) for com samples at 23.5% moismre
treated with iprodione at the rates of 0 ppm, 20ppm. half20ppm, 50ppm, 100
ppm, and 200 ppm
Oppm 20ppm
treatment
h20ppm^ 50ppm
Life (days)
mc=23.50%
lOOppm 2(X)ppm
10.25 12.54 11.92 12.80 13.18 13.37
11.18 12.41 11.64 12.64 13.37 13.71
10.93 12.91 12.10 12.95 13.21 13.47
average 10.79 12.62 11.89 12.80 13.25 13.52
multiplier 1.00 1.17 1.10 1.19 1.23 1.25
t only half of the com kemels in this sample were treated with iprodione solution at the
rate of 20 ppm and the other half was treated with an equivalent amount of water.
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Table 8. Total damaged kernels (DKT) at 0.5% com dry matter loss for com treated with
iprodione at the rates of 0 ppm, 20 ppm, half 20 ppm, 50 ppm, 100ppm, and 200
ppm and air dried after storage
Oppm 20ppm
treatment
h20ppm^ 50ppm
DKT(%)
lOOppm 200ppm
mc =23.50%
rep I 6.00 10.70 15.10 5.90 8.90 12.70
rep II 10.80 13.00 12.20 11.50 12.20 11.50
rep III 16.00 10.00 3.00 15.50 13.00 7.90
average 10.93 11.23 10.10 10.97 11.37 10.70
multiplier 1.01 1.04 0.94 1.02 1.05 0.99
t only half of the com kernels in this sample were treated with iprodione solution at the
rate of 20 ppm and the other half was treated with an equivalent amount of water.
1^6-
s- 1.16-
1.0S-
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Figure 6. Fungicide multipliers versus concentration for comsamples at 23.0% moisture
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Table 9. Contrast comparisons of storage life (time to 0.5% DML) means among com
samples at 23.5% moisture treated with iprodione at the rates of 0 ppm, 20ppm,
half 20 ppm, 50 ppm, 100 ppm, and 200 ppm.
Contrast Result Estimate (Std. Dev.)
—day—
Cl: fung.-no fung. significant^ 2.03(0.83)
C2: 20ppm-h20ppm significant 0.73(0.21)
C3: 20ppm-50ppm not significant -0.18(0.21)
C4: 20ppm-100ppm significant -0.63(0.21)
C5: 20ppm-200ppm significant -0.90(0.21)
t Statistical significance is at the 5% level.
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Table 10. Contrast comparisons of total damaged kernels (DKT) among com samples at
23.5% moisture treated iprodione at the rates of 0 ppm, 20 ppm, half 20 ppm,
50 ppm, 100 ppm, and 200 ppm
Contrast Result Estimate (Std. Dev.)
— % —
Cl: fung.-no fung. not significant^ -0.30(13.01)
C2: 20ppm-h20ppm not significant 1.33(3.36)
C3: 20ppm-50ppm not significant 0.26(3.36)
C4: 20ppm-100ppm not significant -1.13(3.36)
C5: 20ppm-200ppm not significant 0.53(3.36)
t Statistical significance is at the 5% level.
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PAPER II
MICROPROCESSOR-BASED HUMIDITY CONTROL FOR A CO^ MEASUREMENT
SYSTEM
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MICROPROCESSOR-BASED HUMIDITY CONTROL FOR A CO2 MEASUREMENT
SYSTEM
Prince N. Dugba, Fernando Perez-Munoz, Carl J. Bern, and Steven J. Hoff
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ABSTRACT
Air was bubbled through pure water and aqueous solutions of glycerin at various
concentrations to investigate how these factors affect the relativehumidityof the bubbledair.
Test results indicate strong relations betweenthe relative humidity of the bubbled air and the
water columnheight and concentration of the glycerin solution. A 45% glycerin solution at
a column height of 18 cm was found to maintain a relative humidity of 83% of air bubbled
through it at 1.07 L/min (0.1 cfm) through a 0.48 cm tube. A microprocessor was
successfully designed to maintain the level and concentration of the solution, and therefore
the 83% relative humidity supply air necessary for a grain storage experiment.
40
INTRODUCTION
The CO2 measurement technique is widely used to quantify grain deterioration rate.
Measurement system designs are typically modelled as the complete oxidation of
carbohydrate that utilizes O2 to convert the organic compound intowater, CO2 and heat. Air
supply is necessary to provide the O2 and dissipate combustion heat. However, grain tends
to exchange moisture and equilibrate with its surrounding air. The loss or gain of moisrnre
by the aerated grain sample will affect its deterioration significantly (Steele et al, 1969). It
is therefore necessary to maintain the relative humidity of the supply air at a level designed
for the particular experiment which will maintain the desired grain moisture level.
Air is usually bubbled through samrated salt solutions to maintain desired relative
humidities. For example, bubbling air through a saturated solution of K2SO4 can maintain
its humidity at 96%. Table 1 lists various salt solutions and their corresponding equilibrium
humidities of bubbled air. In such a humidiflcation system, the column height of the
saturated salt solutions must be sufficiently long to allow sufficient time for the bubbled air
humidity to equilibrate with the solution. Alternately, the air can first be humidified to a
level close to the equilibrium humidity by bubbling it through pure water. The water column
height can been drastically reduced by dividing the bubbles into smaller sizes with the use
of a gas dispersion mbe.
Each samrated salt solution has only one equilibrium air humidity, and a grain sample
has a single equilibrium moisrnre content with a given surrounding air temperature and
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humidity. Asalt solution may not be available to maintain a certain required grain moisture
for a given deterioration test. Most salts are caustic and unsafe for simple laboratory use.
Where a gas dispersion tube (gas discharge pores) is used, the dispersion pores may easily
be blocked with salt crystals and will evenmally stop the air flow and develop an excessive
pressure in the flow line.
Pure water or glycerin solutions may be used to overcome the above limitations
associated with the use of sah solutions. Glycerin is a non caustic organic chemical (CaHgOj)
that can mix with water in any proportion. Unlikecrystal salt solutions, Glycerin-water has
no pellets with a potential of blocking gas discharge pores.
No salt solution was found to maintain a bubbled air humidity of 83% that was
necessary for a com storage experiment (Dugba et al, 1994) requiring thisenvironment. This
smdy was an was an attempt to find the right liquid, its volume and airflow rate necessary
to maintain bubbled air at the 83% humidity level.
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LITERATURE REVIEW
Diffusion of water vapor into air depends on the temperature, humidity gradient and
pressure of the air-water system (Incropera and Dewitt, 1990). At a constant temperature and
negligible pressure change, the humidity of a dry air bubble surrounded by water may be
related to the time period of the air-water contact as follow:
(1)
where
hn, = diffusion coefficient of moisture into air, L/min per unit length per unit area;
A = surface area of the air bubble, cm^;
H = relative humidity of air, %;
He = equilibrium relative humidity, %;
k = constant;
t = time period of the air-water contact, min.
Assuming
0 = H - H. (2)
and
^ ^ (3)
dt dt
it follows that
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k dQ
hj dt
Separating the variables and integrating from the initial condition for which t=0 and
H(0) = Hj, we obtain
= -0 (4)
H =
where
<? (5)
4FK=—^ (6)
nAD^h„
fn
D = diameter of gas dispersion pore, cm;
F = dispersion factor = 1 for a 0.48 cm internal diameter tube;
L = length of water column, cm;
Q = air flow rate, L/min.
Equation (5) relates bubble geometry, air-water contact time (flow rate and column
length), initial bubble humidity, equilibrium humidity and final air humidity. This
relationship was used as a basis to achieve the objectives of this study.
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OBJECTIVES
The objectives of the design and tests in this study were to:
• investigate the potential of using pure water to maintain a given relative humidity of
bubbled air.
• determine the concentration of glycerin solution necessary to maintain 83% relative
humidity of bubbled air stream.
• design a system to automate liquid supply.
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HUMIDITY CONTROL MODULE DESIGN
Idea Development
Equation (5) was used to predict the relative humidity of bubbled air through pure
water. First, the constant K was determined experimentally by filling two 500 mL bottles
withwater to a depth of 18 cm each. Air was bubbled through water maintained at 20 C at
1.07 L/min (0.1 cfm) via a 0.48-cm inside-diameter tube, about 2 cm from the bottom of
bottle. A relative humidity of 75% was measured and K calculated from equation (5) to be
0.082 min/L-cm. This value was used in equation (5) to calculate humidities of given water
levels and the calculated values tested experimentally.
From diffusion principles, the humidity of bubbled air tends to be less sensitive to
water column height when a glycerin-water solution is used. Air was bubbled through
glycerin solutions at different concentrations; 12, 22, 33, and 45%. A 0.48~cm inside-
diameter tube with a single discharge pore was used. The resulting humidities of the bubbled
air are given in table 2.
A 45% glycerin solution was found to maintain 83% relative humidity of air bubbled
at 2.35 L/min. Once the concentration and depth of the glycerin solution necessary to
maintain bubble air at 83% relative humidity was determined, a microprocessor configuration
was designed and tested to maintain the level and concentration automatically.
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Humidity Control Algorithm and Control Circuit
The humidity control system is shown in figure 1. Figure 2 shows the system control
algorithm. During the CO2 measurement experiment, air is supplied through the solenoid
valve shown in figure 1. At the beginning of level check, the valve is closed and air supply
is cut off for a steady solution level. If the level is below the desired value, the control
system triggers up a pump to refill the bottle to the correct level. Otherwise, the solenoid
valve (normally open) is deactivated to continue aeration.
The fmal configuration of the control circuit is shown in figure 3. It utilizes the
change in the electrical resistance of a CdS element due to change in light intensity. The
photoresistor is placed on one side of the solution bottle right on the level mark and a 100
watt light bulb is placed on the other side of the bottle. A 24-hour programmable timer is
set to power the control system at times selected for refilling. At the beginning of each
refilling cycle, the lamp is turned on and the solenoid activated. If there is no water between
the photoresistor (sensor) and the light rays, the resistance of the sensor decreases. This
leads to a high voltage at the output of the differential amplifier. This signal closes the break
in the pump circuit. Water is pumped until it fills the bottle to a level over light source and
the sensor. When rays are interrupted by water, the output signal at the differential OpAmp
output is not strong enough to activate the pump. A 555 micro chip timer circuit, shown in
figure 3 deactivates the entire control system at the end of a preset time period. This period
can be set from 0 second to 1 hour.
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Test and Calibration
After building the circuit, the sensor was placed in position on the bottle side next
to the desired level. The voltage output of the differential amplifier was set at zero in the
absence of water between the light source and the sensor, and set to 5 volts when water was
not present. This was done by changing the voltages at points A and B (figure 3) through the
altering of the variable resistance V. The module was connected to a CO2 measuring system
part of which is shown in figure 1. The humidity of the bubbled air was monitored to
determine the accuracy of the control system.
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RESULTS AND CONCLUSIONS
The humidities maintained by the various solutions tested are given in table 2. The
following conclusions can be drawn from the test results:
• The microprocessor designed can maintain a constant water level and a constant
solution volume. It was successfully used in a grain aeration experiment to maintain
the relative humidity of supply air at an average humidity of 83% with a standard
deviation of 2% using a 45% glycerin solution. However, if the humidity of the air
before bubbling was more than the equilibrium humidity for the glycerin solution, the
solution will be eventually diluted resulting in higher relative humidities than desired.
Therefore the humidity before bubblingmust be lower than the equilibrium humidity.
• Relative humidities of bubbled air maintained by water depths of 18 cm, 32 cm, and
36 cm were all within 5% of those predicted by equation (5), 75, 91, and 96%
respectively. This suggests a strong relation between water column and bubbled air
humidity, and the possibility of using pure water to control humidity by bubbling.
Although experimental results suggest this dependence, the exact namre of the
relationship is not conclusive from equation (5). Another experiment is needed to test
equation (5) and to determine how other factors such as bubble size affect its
humidity.
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Table 1. Relative humidities maintained in an enclosed space above
selected aqueous solutions at 20 Ct •
solid phase % humidity
LiCUH^O 15
NaCl 30
NaNOa 30
KNOg 45
NaNOj 66
NH3CL 79
KHSO^ 86
KCr04 88
NaS04-7H20 95
K2SO4 96
CUSO4.5H.O 98
Adapted from Weast and Astle, 1981 .
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Table 2. Relative humidity of air bubbled through a single opening 0.48-cm (3/16-in) tube
at the rate of 23.6 mL/s (6 SCFH) through selected solutions at 20 C
solution % solute column height % humidity
(cm) bubbling
before after
water 0 18 0 75
water 0 32 0 93
water 0 36 0 96
K2S04 saturated 18 75 95
KHS04 saturated 18 75 90
NaCl saturated 18 75 76
glycerin 12 18 75 93
glycerin 22 18 75 90
glycerin 33 18 75 87
glycerin 45 18 75 83
pressure gauge CO2 filter
oir in
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GENERAL CONCLUSION
All the objectives outlined in the two papers were met.
The microprocessor met the design goals. The 83% moisture necessary for com
preservation study outlined in paper I was maintained within 2% of this value.
The effectiveness values of iprodione were found to be similar to those determined
in previous works. Storage life extension percentages were higher for the lower moisture.
The effectiveness of the fungicide is reduced when com kernels are not uniformly treated.
Iprodione effectiveness increases with application rate up to 200 ppm, and then is about
constant. However, the use of com treated with high concentration of iprodione has not been
recommended by the Rhone Poulenc Ag Co.
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APPENDIX A. SAMPLE PARAMETERS
Table 1. Sample parameters of experiment I
Treatment
mc = 18.0% mc = 22.5%
ppm 0 0 20 20 20+A 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29 3.29 5.48 3.29 5.48 3.29
rep pre-storage moisture content (% wet basis)t
I 18.07 18.46 18.08 18.43 18.13 22.40 22.08 21.98 22.20 22.44
n 18.48 18.40 18.25 18.56 18.65 22.57 22.65 22.66 22.12 22.82
m . 22.26 22.28 22.17 22.26 22.53
post-storage moisture content (% wet basis)
I 17.65 17.82 17.66 17.85 17.95 23.06 22.30 22.57 22.70 22.36
n 17.76 17.63 17.85 17.65 17.57 22.58 22.64 22.89 22.82 22.88
m 22.74 22.40 22.77 22.13 22.62
sample sizes (g)
I 953.0 918.0 954.0 955.0 925.0 928.0 913.0 879.0 894.0 931.0
II 964.0 891.0 927.0 951.0 945.0 948.0 903.0 905.0 889.0 961.0
III 869.0 876.0 879.0 875.0 872.0
t Moisture determined using air oven at 103 C for 72 hr
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Table 2. Sample parameters of experiment II
Treatment (5.48 mL/kg corn)
Oppm 20ppm h20ppm 50ppm lOOppm 200ppm
pre-storage moismre (% wet basis)
rep
I 23.18 23.68 23.43 23.52 23.13 23.57
n 23.89 23.65 23.87 23.65 23.52 23.70
in 23-.73 23.42 23.40 23.51 23.54 23.45
post-storage moisture content (% wet basis)
1 23.61 23.48 23.62 23.51 23.80 23.77
n 23.78 23.44 23.35 23.26 23.35 23.25
m 23.61 23.71 23.31 23.76 23.58 23.25
sample size (g)
I 903.0 761.0 900.0 888.0 892.0 888.0
n 879.0 885.0 831.0 939.0 878.0 883.0
III 877.0 928.0 883.0 896.0 880.0 901.0
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APPENDIX B. CO2 PRODUCTION RAW DATA
Table 1. Raw data of cumulative CO2 produced by com samples in experiment I,
replication I
Treatment
mc = 18.0%— mc = 22.5% •
ppm 0 0 20 20 20+A 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29 3.29 5.48 3.29 5.48 3.29
day
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.04 0.03 0.00 0.09 0.05 0.11 0.08 0.03 0.03 0.07
2 0.12 0.09 0.09 0.23 0.11 0.16 0.16 0.10 0.07 0.17
3 0.23 0.28 0.32 0.46 0,37 0.38 0.37 0.27 0.27 0.32
4 0.27 0.35 0.42 0.57 0.43 0.44 0.46 0.38 0.34 0.44
5 0.30 0.40 0.45 0.59 0.47 0.63 0.68 0.53 0.52 0.62
6 0.43 0.50 0.51 0.71 0.65 0.84 0.95 0.74 0.72 0.83
7 0.50 0.59 0.51 0.79 0.74 1.10 1.28 0.97 0.99 1.07
8 0.50 0.62 0.55 0.83 0.74 1.40 1.65 1.21 1.26 1.31
9 0.58 0.68 0.55 0.88 0.74 1.83 2.13 1.49 1.57 1.60
10 0.61 0.80 0.55 0.88 0.85 3.21 3.49 1.83 1.93 1.83
11 0.65 0.89 0.55 0.92 0.90 3.75 4.13 2.26 2.43 2.22
12 0.65 0.98 0.59 0.92 0.95 4.30 4.78 2.71 2.93 2.65
13 0.77 1.08 0.74 1.11 1.12 5.02 5.56 3.27 3.59 3.15
14 0.96 1.21 0.87 1.53 1.27 5.76 6.38 3.89 4.28 3.72
15 1.00 1.30 0.92 1.62 1.33 6.64 7.30 4.62 5.00 4.31
16 1.04 1.39 1.01 1.71 1.37 7.69 8.42 5.52 5.98 5.08
17 1.12 1.42 1.10 1.90 1.49 6.46 6.98 5.84
18 1.20 1.55 1.15 1.90 1.60 7.52 6.91
19 1.27 1.70 1.38 2.04 1.80
20 1.50 1.83 1.38 2.04 1.91
21 1.58 1.95 1.52 2.18 1.96
22 1.69 2.07 1.65 2.36 2.23
23 1.85 2.20 1.75 2.50 2.44
24 2.00 2.35 1.93 2.73 2.60
25 2.04 2.51 1.98 2.73 2.65
26 2.23 2.66 2.11 2.91 2.81
27 2.42 2.81 2.25 3.10 2.97
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Table 1. (continued)
Treatment
mc = 18.0% mc = 22.5%
ppm 0 0 20 20 20+A 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29 3.29 5.48 3.29 5.48 3.29
day
28 2.46 2.94 2.44 3.24 3.08
29 2.58 3.07 2.62 3.34 3.19
30 2.66 3.19 2.67 3.34 3.30
31 2.77 3.35 2.72 3.52 3.40
32 2.89 3.50 2.81 3.52 3.40
33 3.20 3.78 2.99 3.75 3.66
34 3.35 3.90 3.08 3.85 3.72
35 3.39 4.06 3.13 3.94 3.77
36 3.66 4.27 3.17 4.07 3.87
37 3.71 4.50 3.23 4.18 3.94
38 3.81 4.68 3.68 4.26 4.04
39 4.12 4.87 3.77 4.36 4.14
40 4.35 5.05 3.86 4.45 4.25
41 4.63 5.31 4.15 4.73 4.52
42 4.85 5.51 4.32 4.82 4.57
43 5.14 5.75 4.34 5.06 4.74
44 5.28 5.96 4.56 5.10 4.78
45 5.56 6.15 4.61 5.25 4.95
46 5.82 6.33 4.74 5.38 5.10
47 6.05 6.51 4.88 5.47 5.26
48 6.25 6.67 5.02 5.62 5.27
49 6.41 6.93 5.07 5.76 5.32
50 6.64 7.18 5.21 5.90 5.54
51 6.84 7.46 5.44 6.18 5.70
52 7.02 5.53 6.17 5.74
53 7.33 5.81 6.36 6.12
54 7.58 5.90 6.55 6.28
55 5.90 6.64 6.28
56 6.00 6.78 6.28
57 6.09 6.92 6.39
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Table 1. (continued)
Treatment
mc = 22.5%
0 0 20 20 20+A
3.29 5.48 3.29 5.48 3.29
mc = 18
o
f
j
ppm 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29
day
58 6.18 7.06 6.39
59 6.31 7.28 6.43
60 6.46 7.48 6.55
61 6-55 7.57 6.65
62 6.73 7.91 6.81
63 6.92 7.03
64 7.06 7.19
65 7.28 7.42
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Table 2. Raw data of cumulative CO2 produced bycom samples in experiment I, replication
n
Treatment
mc = 18.0%- mc = 22.5%
ppm 0 0 20 20 20+A 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29 3.29 5.48 3.29 5.48 3.29
day
0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.03 0.07 0.02 0.04 0.03 0.16 0.10 0.11 0.16 0.13
2 0.06 0.13 0.05 0.08 0.07 0.31 0.30 0.23 0.30 0.26
3 0.14 0.18 0.07 0.16 0.14 0.49 0.42 0.39 0.49 0.44
4 0.23 0.28 0.13 0.29 0.24 0.69 0.62 0.57 0.68 0.62
5 0.27 0.32 0.15 0.32 0.26 0.87 0.85 0.72 0.89 0.79
6 0.37 0.44 0.20 0.41 0.34 1.15 1.12 0.96 1.15 1.02
7 0.47 0.55 0.27 0.40 0.36 1.47 L42 1.19 1.45 1.26
8 0.61 0.69 0.35 0.56 0.50 1.80 1.78 1.48 1.75 1.54
9 0.64 0.74 0.37 0.60 0.52 2.22 2.21 1.78 2.11 1.78
10 0.70 0.79 0.40 0.72 0.60 2.85 2.68 2.10 2.50 2.11
11 0.86 0.99 0.50 0.80 0.69 3.25 3.24 2.53 3.00 2.56
12 0.86 0.99 0.50 0.80 0.69 3.86 3.83 2.98 3.51 2.89
13 0.96 1.09 0.55 0.85 0.75 4.58 4.48 3.53 4.10 3.34
14 1.04 1.19 0.60 0.93 0.83 5.21 5.34 4.13 4.71 3.85
15 1.12 1.26 0.62 1.05 0.90 5.84 6.39 4.90 5.29 4.37
16 1.32 1.50 0.75 1.20 1.03 6.83 7.53 5.76 6.14 5.05
17 1.47 1.65 0.82 1.33 1.14 7.70 8.77 6.75 6.89 5.75
18 1.59 1.80 0.90 1.45 1.23 7-71 7.74 6.53
19 1.60 1.81 0.90 1.49 1.25
20 1.68 1.90 0.95 1.57 1.33
21 1.72 1.98 0.97 1.61 1.36
22 1.87 2.12 1.05 1.73 1.46
23 1.99 2.24 1.10 1.77 1.51
24 2.12 2.39 1.17 1.85 1.57
25 2.24 2.51 1.22 1.97 1.65
26 2.24 2.51 1.22 1.97 1.66
27 2.35 2.64 1.27 2.09 1.79
28 2.39 2.69 1.30 2.09 1.83
29 2.43 2.74 1.32 2.14 1.87
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Table 2. (continued)
Treatment
mc = 18.0%- mc = 22.5%
ppm 0 0 20 20 20+A 0 0 20 20 20+A
mL/kg 3.29 5.48 3.29 5.48 3.29 3.29 5.48 3.29 5.48 3.29
day
30 2.53 2.84 1.38 2.22 1.91
31 2.74 3.08 1.50 2.34 2.03
32 2.84 3.20 1.55 2.42 2.10
33 3.03 3.41 1.67 2.50 2.15
34 3.07 3.46 1.50 2.58 2.22
35 3.23 3.64 1.58 2.70 2.33
36 3.33 3.76 1.63 2.78 2.38
37 3.47 3.91 1.68 2.95 2.52
38 3.59 4.07 1.73 3.06 2.60
39 3.80 4.32 1.85 3.10 2.65
40 3.93 4.38 1.88 3.10 2.65
41 3.97 4.45 1.91 3.27 2.75
42 4.13 4.62 1.98 3.26 2.75
43 4.29 4.78 2.06 3.31 2.80
44 4.61 5.09 2.20 3.59 2.99
45 4.83 5.32 2.31 3.72 3.09
46 4.97 5.49 2.38 3.83 3.17
47 5.28 5.81 2.53 4.15 3.39
48 5.54 6.09 2.66 4.32 3.52
49 5.83 6.39 2.81 4.56 3.69
50 6.08 6.67 2.93 4.77 3.83
51 6.42 7.05 3.11 5.05 4.03
52 6.76 7.40 3.28 5.33 4.21
53 7.06 7.75 3.43 5.57 4.37
54 7.37 3.51 5.70 4.47
55 3.71 5.94 4.64
56 3.86 6.22 4.82
57 4.03 6.46 5.01
58 4.24 6.46 5.28
59 4.44 6.78 5.54
60 4.70 7.15 5.83
61 5.00 7.55 6.05
Table 2. (continued)
mc = 18.0%-
ppm
mL/kg
0 0
3.29 5.48
20
3.29
20
5.48
64
Treatment
20+A 0
3.29 3.29
0
5.48
mc = 22.5%
20
3.29
20
5.48
20+A
3.29
day
62 5.27 6.29
63 5.77 6.57
64 6.31 6.88
65 6.70 7.17
66 7.26 7.48
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Table 3. Raw data of cumulative CO2 produced by com
samples in experiment I, replication III
treatment
mc = 22.5%
ppm 0 0 20 20 20+A
ml./kg 3.29 5.48 3.29 5.49 3.29
day
0 0.00 0.00 0.00 0.00 0.00
1 0.19 0.12 0.15 0.15 0.14
2 0.40 0.29 0.31 0.32 0.28
3 0.65 0.51 0.51 0.52 0.46
4 0.87 0.68 0.68 0.70 0.61
5 1.14 1.11 0.89 0.92 0.80
6 1.37 1.33 1.07 1.10 0.96
7 1-74 1.77 1.36 1.40 1.22
8 2.07 2.27 1.62 1.67 1.45
9 2.50 2.76 1.95 2.01 1.75
10 2.93 3.41 2.29 2.35 2.05
11 3.46 4.02 2.71 2.78 2.43
12 3.95 4.64 3.10 3.18 2.77
13 4.60 5.26 3.60 3.70 3.23
14 5.25 5.91 4.11 4.22 3.68
15 6.02 6.61 4.71 4.84 4.22
16 6.92 7.43 5.42 5.57 4.85
17 7.81 8.23 6.11 6.28 5.48
18 6.91 7.10 6.19
19 7.78 7.99 7.20
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Table 4. Raw data of cumulative CO^ produced by com
samples in experiment II, replications I, II, and III
treatment
ppm 0 20 h20 50 100 200
day rep I
0 0.00 0.00 0.00 0.00 0.00 0.00
1 0.29 0.20 0.25 0.20 0.19 0.32
2 0.45 0.47 0.56 0.43 0.40 0.71
3 0.81 0.61 0.94 0.61 0.56 1.13
4 1.22 0.85 1.38 0.90 0.83 1.72
5 L85 1.20 1.88 1.24 1.15 2.37
6 2.78 1.73 2.59 1.80 1.66 2.89
7 3.91 2.46 3.58 2.50 2.31 3.35
8 4.98 3.21 4.43 3.16 2.93 3.78
9 6.16 4.03 5.45 4.00 3.70 4.30
10 7.23 4.84 6.14 4.73 4.37 4.30
11 8.42 5.93 6.92 5.57 5.15 4.84
12 6.90 7.84 6.55 6.06 5.70
13 7.85 7.26 6.97
rep II
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.13 0.16 0.09 0.10 0.13 0.07
3 0.41 0.36 0.46 0.46 0.42 0.30
4 0.68 0.64 0.71 0.72 0.67 0.53
5 1.15 1.06 1.17 1.20 1.11 0.91
6 1.66 1.49 1.64 1.63 1.53 1.29
7 2.20 2.00 2.23 2.17 2.04 1.74
8 3.04 2.70 2.97 2.86 2.48 2.34
9 3.93 3.49 3.87 3.57 3.16 2.99
10 4.79 4.24 4.66 4.23 3.79 3.58
11 6.10 5.24 5.85 5.18 4.68 4.47
12 8.21 6.14 6.81 5.99 5.45 5.23
13 7.01 7.98 6.91 6.31 6.06
14 7.34 7.06
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Table 4. (continued)
treatment
ppm 0 20 h20 50 100 200
day rep III
1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.19 0.10 0.15 0.15 0.15 0.11
3 0.49 0.43 0.38 0.47 0.41 0.48
4 0.78 0.67 0.61 0.74 0.62 0.73
5 1.30 1.10 1.06 1.20 1.01 1.19
6 1.80 1.52 1.52 1.64 1.37 1.62
7 2.44 2.04 2.05 2.19 1.83 2.17
8 3.24 2.72 2.78 2.86 2.46 2.89
9 4.17 3.38 3.57 3.53 3.13 3.55
10 5.01 4.02 4.32 4.15 3.77 4.12
11 6.38 4.96 5.38 5.06 4.71 5.00
12 8.11 5.84 6.33 5.83 5.53 5.70
13 6.70 7.43 6.67 6.41 6.41
14 7.43 7.47
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Table 5. ANOVA table of storage life (times to 0.5% DML) analysis of com samples at
18.0 and 22.5% moismre treated with five levels of iprodione
source d.f. SS MS F value
replication 2 6.1 3.1 11.9**
treatments 9 9066.0 1007.4 3910.0**
fungicide 4
Cl: fiing. vs no fung 186.0 186.0 532.2**
C4: act. vs no act. 0.4 0.4 1.3ns
moisture 1 7585.8 7585.8 21652**
C2: 18.0%mc vs 22.5%mc 7585.8 7585.8 21652**
volume 1 21.7 21.7 62.0**
C3: 3mL/kg vs 5mL/kg 21.7 21.7 62.0**
fungicide x moisture 1 96.4 96.4 275.1**
C5; Cl X C2 96.4 96.4 275.1**
fungicide x volume 1 1.8 1.8 5.0**
C6: Cl X C3 1.8 1.8 5.0**
moisture x volume 1 12.2 12.2
34 9«*
C8: C2 X C3 12.2 12.2 13.9**
experimental error 14 4.9 0.35
*, ** indicates statistical significance at the 5% and 1% level respectively
ns = not significance
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Table 6. ANOVA table of total damaged kernels (DKT) of com samples at 18% and
22.5% moisture treated with five levels of iprodione
source d.f. SS MS F value
replication 2 2.5 1.2 0.3ns
treatments 9 515.6 57.3 12.4**
fungicide 4
Cl: fung. - no fung 1 1.7 1.7 0.4ns
C4: act. - no act. 1 1.4 1.4 0.3ns
moismre 1 467.6 467.6 101.5**
C2; 18.0%mc-22.5%mc 1 457.6 457.6 101.5**
volume 1 6.9 6.9 1.5ns
C3: 3mL/kg - 5mL/kg 1 6.9 6.9 1.5ns
fungicide x moisture 1 0.11 0.11 0.0ns
C5: Cl X C2 1 0.11 0.11 0.0ns
fungicide x volume 1 0.2 0.2 0.0ns
C6: Cl X C3 1 0.2 0.2 0.8ns
moisture x volume 1 0.1 0.1 0.0ns
C8: C2 x C3 1 0.1 0.1 O.Ons
experimental error 14 64.3 4.6
*, ** indicates statistical significance at the 5% and
ns = not significance
% level respectively
70
Table 7. ANOVA table of storage life (times to 0.5% DML) analysis of com samples at
23.5 %moisture treated with iprodione at the rates of 0 ppm, 20 ppm, h20 ppm,
50 ppm, 100 ppm , and 200 ppm
source d.f. SS MS F value
fungicide 5 15.0 3.0 43.2**
Cl: fung. vs no fung 1 10.3 10.3 147.7**
C2: 20ppm vs h20ppm 1 0.8 0.8 11.6**
C3: 20ppm vs 50ppm 1 0.0 0.0 0.67ns
C4: 20ppm vs lOOppm 1 0.6 0.6 8.6*
C5: 20ppm vs 200ppm 1 1.2 1.2 17.3**
experimental error 1 1 0.8 0.07
** indicates statistical significance at the 5% and 1% level respectively
ns = not significance
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Table 8. ANOVA table of total damaged kernels (DKT) analysis of com samples at 23.5
% moisture treated with iprodione at the rate of 0 ppm, 20 ppm, h20 ppm, 50
ppm, 100 ppm, and 200 ppm
source d.f. SS MS F value
fungicide 5 3.0 0.6 0.0ns
Cl: fung. vs no fung 1 0.0 0.0 O.ons
C2: 20ppm vs h20ppm 1 1.9 1.9 0.1ns
C3: 20ppm vs 50ppm 1 0.1 0.1 0.0ns
C4: 20ppm vs lOOppm 1 0.0 0.0 0.0ns
C5: 20ppm vs 200ppm 1 0.4 0.4 0.0ns
experimental error 1 1 203.2 16.9
*, ** indicates statistical significance at the 5% and 1% level respectively
ns = not significance
